Introduction
The vast majority of nematogens is composed of polar molecules. The part of permanent dipoles in determining nematic liquid crystalline properties has been the subject of considerable discussion. The first theory of the nematic phase, proposed by Born [1] , was based on purely dipolar interactions. However, when the compounds were found that do not possess permanent dipole moments, but do nevertheless exhibit the nematic phase (e.g. alkylazobenzenes [2] ), Boo I's theory was abandoned. In the first successful theory of the nematic phase, given by Maier and Saupe [3] , only interactions between induced dipoles have been taken into account. Although the interactions between permanent dipoles do not play *This work was partially supported by the Polish Grant of Ministry of Education and Poznan Technical University and partially by Deutsche Forschungsgemeinschaft. a significant role in the stabilization of mesophase [4] , they are important in determining some physical properties of liquid crystals, especially in the case of the strongly polar substances [5] .
The major effect of dipolar end groups in mesogenic molecules is observed with the dielectric properties of liquid crystals. The results obtained from dielectric measurements for compounds consisting of molecules with strongly polar cyano, nitro or isothiocyanato terminal groups have been interpreted in terms of anti-parallel dipolar association of molecules [6] [7] [8] [9] [10] [11] [12] [13] . Molecular association can also be observed by the study of the X-ray diffraction of liquid crystals, as it has been shown in [14] [15] [16] [17] .
In our previous papers it has been found that addition of some dyes to the nematic liquid crystals ("guest-host" systems) changes the amount of the associated molecules, what influences the short-range order in the nematics [12, 17, 18] .
Here, we present the results of the X-ray diffraction studies of the dipolar association of 4-n-pentyl-4'-cyano p-terphenyl doped with one of azo dye using different guest concentration.
Experimental
Mat e r i a 1 s: The purified 4-n-pentyl-4'-cyanop-terphenyl (T15) was supplied by Merck Company, Darmstadt, Germany. The azo dye with the following molecular structure: was synthesized and chromatographically purified in the Institute of Dyes, Łódź Technical University, Poland. The concentration of the dye in the nematic host was changed from 3.3 x 10 -3 M to 10 -1 M. App a r a t u s: The temperatures of the crystal-nematic and nematic-isotropic phase transitions of the dye-T15 mixtures were determined by means of DSC measurements using Du Pont Thermal Analyzer 990 and a polarizing microscope (Leitz Orthoplan-Pol) in conjunction with a Mettler hot-stage FP-82. The experimental errors by melting and clearing points determination are ±0.2 and ±0.1, respectively.
The X-ray diffraction measurements were performed with a modified STOE focussing horizontal diffractometer (STOE STADI 2). The X-ray source was a long fine focus X-ray tube SIEMENS FK with a line focus of 0.4 x 12 mm 2 . The CuKa1 radiation (λ = 1.54 Å) was focused using a curved Ge(111) monochromator. For the fast diffractometry a linear position sensitive detector (STOE Mini PSD) was used with a resolution of the stepwidth 0.01° in the 2θ circle. The inner diffraction maxima were recorded at different temperatures in the nematic phase of specimens. The macroscopic orientation of the liquid crystal and dye molecules was achieved by means of an external magnetic field of about 0.8 T using two permanent magnets. The temperature was measured and regulated by using a differential temperature regulator (Thor-PID) with an accuracy of ±0.01 K. Further details of the experimental technique have been given earlier [19] .
Results and discussion

Phase transitions
It is well known that the addition of a guest dye to a nematic liquid crystal changes the range of the mesophase of the nematic host, causing either a decrease or an increase of the nematic-isotropic transition temperature as well as a decrease of the melting point [17, [20] [21] [22] . Moreover, it was found [21] that the presence of the dye in the nematic matrix leads to the formation of the two-phase region in the vicinity of the clearing point. Such a region, in which both nematic and isotropic phases coexist in equilibrium is consistent with thermodynamic laws for binary mixtures and the first-order nature of the nematic-isotropic transition [23] . Since this region is quite narrow for molecules having approximately the same molecular stucture, the most workers have failed to observed it previously for elongated dye molecules [20, [24] [25] [26] .
The phase behaviour of the dye-liquid crystal mixtures studied in this paper at the nematic-isotropic phase transition is illustrated in Fig. 1a . Here x is the molar fraction of the dye and T*(= T' /TN) is reduced temperature determined with respect to the clearing point of the pure host, TNI = 513.2 K. T' is equal to TN or TI , where TN and TI are temperatures at which the first isotropic drop appears and the last nematic drop disappears, respectively, by heating of the guest-host mixture. The twophase region for azo dye-T15 mixture in the range of the concentration used in our investigation is seen very distinctly. From results presented in Figs.1a and 1b it is seen that the azo dye used destabilizes the mesophase of the nematic host, what is in good agreement with the results obtained previously [13, 17, 21, 27] .
Inner diffraction maxima
Typical diffraction patterns for oriented nematics show two main reflections: inner (meridional) reflection related to a molecular length and outer (equatorial) reflection corresponding to a molecular distance [28] . Information about molecular packing is available by meaSuring the intensity of the diffraction maxima along the meridional direction. Therefore only the inner reflection were studied in this paper.
As it has been shown previously [15] [16] [17] , the inner reflection of T15 consists of two maxima, whose intensities ratio is changed with increasing temperature. The positions of these maxima corresponding to the values of dD 1 Å a n d d M 2 1 Ahave been attributed to the dimer (in anti-parallel configuration proposed in [16] ) and to the monomer lengths of T15 molecule, respectively [16, 17] . The addition of the azo dye, used in present studies, does not affect essentially the dM value of T15, while dD decreases somewhat with increasing dye concentration. The presence of this dye changes, however, distinctly the intensities ratio of both inner maxima with respect to that of the pure T15. This is illustrated in Fig. 2 , where the intensity profiles of the inner reflection of the pure T15 (Fig. 2a, b) , of the mixtures of T15 with the dye at concentrations of 10 -2 M (Fig. 2c, d ) and of 10 -1 M (Fig. 2e, f) at two various temperatures are presented.
In order to separate the both peaks in inner reflection, the diffraction patterns were fitted to the second power of the Lorentz function. The best fittings are shown in Fig. 2 . Then, the total intensities of the separated peaks, ID(θ) and I M ( θ ) , c o n n e c t e d w i t h d i m e r s a n d m o n o m e r s , r e s p e c t i v e l y , a r e c a l c u l a t e d . T h e fitting and calculations were made using the STOE-Package computer programs.
The dimer fraction xD in the specimens investigated can be calculated from the intensities ratio, ID /IM. Let nM is the number of monomers and nD is the number of dimers. Then nD +-nM = n is the total number of particles. Assuming that I D / I M i s p r o p o r t i o n a l t o n D / n M , o n e o b t a i n s f o r t h e d i m e r f r a c t i o n : Fig. 3 presents the temperature dependence of the dimer fraction, xD measured for the pure T15 and the T15 doped with the azo dye at various concentration, whereas in Fig. 4 the dimer fraction as a function of the dye concentration at reduced temperature TR = 0.850 is shown. The reduced temperature, TR(= T/T'NI) is now determined with respect to the clearing point of the given specimen (T'NI) and T is the temperature of the measurement. In the case of the dye-T15 mixture T' NI1 i s t h e a v e r a g e v a l u e o f t h e t e m p e r a t u r e s a t w h i c h t w o p h a s e r e g i o n b e g i n s a n d ends.
The results presented in Figs. 3 and 4 evidence that the addition of the dye to the liquid crystalline matrix causes the reduction of the xD value at given reduced temperature. This means that the presence of the guest molecules in T15 perturbs the monomer-dimer equlibrium of the nematic host. The amount of the associated molecules in the guest-host mixture is strongly dependent on the dye concentration, but there is no linear relation between both (Fig. 4) . The largest changes of the xD value occur at the low concentration of the dye. A similar effect has been observed previously by the studies of the dielectric properties of the guest-host systems in the isotropic phase [12, 27] .
The dye molecule used in this paper has the strongly polar -NO2 group in the 4-position of the thiazolic sulphur atom. In the previous papers [12, 13, 17, 27] the changes in the monomer-dimer equilibrium in the nematics after addition of the dye with the -NO2 end group have been interpreted in terms of the strong interaction of this group with the polar -CN groups of the cyanosubstituted liquid crystals. The new results confirm this assumption. However, the question appears in what way so small amount of the dye molecules (concentration of 10 -1 M means about 3 molecules of the guest per 100 molecules of T15) can affect so strongly the dipolar association of the host matrix?
The dashed line in Fig. 4 presents the values of xD calculated by assuming that each dye molecule causes the dissociation of the one liquid crystalline dimer into the single molecules. Comparison of the calculated and experimental results indicates that short-range interactions in the guest-host mixtures are much more complicated than it would follow from assuming the occurence of the simple dissociation process only. It should be accepted that dipolar interaction among polar groups of the liquid crystal and dye molecules is so strong, that one dye molecule causes the dissociation of the more than one host dimer. The lack of the proportionality between the dimer fraction and the dye concentration could, however, indicate the possibility of the occurence of two competitive processes at higher guest concentrations: dissociation of the bimolecular associates of the liquid crystal into the single molecules with the simultaneous formation of the heteroassociates composed of one dye and one T15 molecules. The observed decrease of the dD value with the increasing dye concentration can confirm this suggestion, because the length of the guest molecule, calculated from the standard bond lengths and angles [29] including van der Waals radii of the terminal atoms [30] , is smaller than the length of T15 molecule, calculated in the same way [17] .
Finally, it should be noticed that the molecular organization in the guest-host mixture is a result of the competitive interactions of various kind. It seems that interaction between permanent dipoles plays here the predominant role, but not the only one. The repulsive intermolecular interaction caused by packing or steric effects, dispersive attractive interaction and the anisotropy of them as well as the possibility of the formation of the aggregates larger than dimers should also be taken into account.
